Abstract Thalassemia is a congenital hemolytic disease which is treated by repeated blood transfusion. Chronic iron overload is currently considered to be the primary cause of mortality in b-thalassemia, mainly due to the induction of left-sided cardiac failure. Iron overload results from a number of mechanisms associated with the disease itself. In addition to chronic iron overload thalassemic patients are more prone for procoagulant status which in turn lead to clinical thrombotic events. The hypercoagulable state in thalassemia is due to multiple elements, a combination of which is often the drive behind a clinical thromboembolic events. PAI-1 study was done in thalassemia major patients receiving multiple blood transfusion as a marker for procoagulant status. Total of 30 thalassemic patients on repeated blood transfusion was included in the study and total of 30 healthy age and sex matched controls were included in the study. It was also found that there was significant differences between cases and controls. The mean level of PAI 1 in controls was 3047 ± 414 pg/ml, the value in cases was 3683 ± 358 pg/ ml. The level was significantly increased (p \ 0.05) in the cases compared to controls. PAI-1 levels were also compared with the total number of blood transfusion which correlates well.
Introduction
Thalassemia is a congenital hemolytic disease which is treated by repeated blood transfusion. Chronic iron overload is currently considered to be the primary cause of mortality in b-thalassemia, mainly due to the induction of left-sided cardiac failure. Iron overload results from a number of mechanisms associated with the disease itself. In addition to chronic iron overload thalassemic patients are more prone for procoagulant status which in turn lead to clinical thrombotic events. The hypercoagulable state in thalassemia is due to multiple elements, a combination of which is often the drive behind a clinical thromboembolic events (TEE) [1] . Several factors have been implicated in the pathogenesis of this hypercoagulable state, such as changes in the lipid membrane composition of the abnormal RBCs with increased expression of negatively charged phosphatidylserine (PS) at the outer surface, platelet activation, deficiency of natural anticoagulants and others [2] .
Materials and Methods
Source of Data The present study comprises of 30 clinically diagnosed cases of b-thalassemia major who were registered with haematology centre for regular blood transfusion. The study was conducted at tertiary health care centre. All the patients were in the age group of 12-20 years. Age and sex matched 30 healthy individuals were taken as controls.
Criteria for the Selection of Cases
(1) Inclusion criteria Clinically diagnosed and proven cases of b-thalassemia major on regular blood transfusion, children to young adults, both males and females were included in this study. (2) Exclusion criteria Sickle cell anaemia or any other hemoglobinopathy.
Informed consent was taken from all the cases and the controls and the study was approved by the ethical and research committee.
Collection and Storage of Blood Samples Twenty ml of blood was collected from cases and controls in clot activator tube and allowed to clot for 30 min. Serum was separated, aliquoted and kept at -70°C. Timing of collection was just before starting of blood transfusion. Haemolyzed, icteric and lipemic samples were discarded. All samples were brought to room temperature just before the analytical procedure.
Methods of Assay PAI-1 were analyzed by ELISA.
Test were performed on serum. All patients were on iron chelator. Data was collected by detailed history, clinical examination, questionnaires and medical records of the patients.
The clinical details of patients were recorded in a proforma, which included age, sex, residence, frequency of transfusions, blood grouping, status of iron chelation therapy, prior history of any complications or admission due to the disease activity.
All samples and controls were run in duplicates. ELISA based kit for PAI-1 was used from Invitrogen with intraassay CV 3.68 % and inter-assay CV 9.05 %. Test is based on the principle of solid phase sandwich enzyme linked immunosorbent assay.
Study results were analyzed by SPSS version 17. Unpaired t test and Mann-Whitney U test were used to analyze the data. Correlation was used using Pearsons coefficient correlation and Spearmanns Rho coefficient.
Results
The present study comprises of 30 proven cases of b-thalassemia major registered to the Haematology dept, receiving multiple blood transfusion and 30 age and sex matched healthy controls. The age group ranges from 12 to 20 years. Study results were analyzed by SPSS version 17. Differences were considered significant for p \ 0.05. Result was expressed as mean ± standard deviation (S.D.). The variable PAI-1 were analyzed using unpaired t test and it was found that there was significant differences between study group (cases and control). PAI-1 were also analyzed using non parametric test because of non normality. it was also found that there was significant differences between cases and controls.
The mean level of PAI 1 in controls was 3047 ± 414 pg/ml, the value in cases was 3683 ± 358 pg/ ml ( Table 1 ). The level was significantly increased (p \ 0.05) in the cases (Fig. 1 ) compared to controls.
The level of PAI-1 were compared with number of blood transfusion (Table 2) . It shows that mean levels of PAI-1 is well correlated with number of blood transfusion in increasing order ( Table 2) .
Discussion
In the present study, PAI-1 were studied in 30 diagnosed cases of b-thalassemia major along with 30 healthy controls. Aim of the study is to assess prothrombotic state in thalassemic patients receiving multiple blood transfusions. State of hypercoagulability has been measured by estimating serum PAI-1.
The mean levels of serum PAI-1 in control was 3047.1 ± 413.8 pg/ml, the value in cases was 3683.7 ± 357.9 pg/ml (Table 1) , which was statistically significant (p \ 0.05). The findings of the present study are in accordance with the results of Angchaisuksiri et al. [3] . Hypercoagulability is a well-established characteristic of b- thalassemia. Increased levels of PAI-1 in these patients is responsible for increased risk of thrombosis. According to Angchaisuksiri et al. there is evidence of chronic low grade coagulation and platelet activation, chronic low-grade inflammation, endothelial cell injury, impaired fibrinolysis and decreased naturally occurring anticoagulants in b-thalassemia patients. These changes may account for the increased risk of thrombosis in these patients. Increased level of PAI-1 in these subjects can be explained as follows. Thrombosis is typically an episodic complication associated with a temporary activation of hemostasis. In contrast, markers of platelet and coagulation activation are persistently and consistently elevated in most thalassemic patients (adults and children alike), even in the absence of overt thromboembolic events. The presence of a persistent hypercoagulable state combined with the infrequent occurrence of significant thrombotic events suggests that thrombosis is largely a subclinical process in thalassemia and has been associated with autopsy findings of platelet and fibrin thrombi in the microvasculature in the lungs and the brain [4, 5] . However, in our study none of the cases gave previous history of thromboembolic events like seizures, hemiparesis, pulmonary hypertension, severe calf pain, etc. But mean value of PAI-1 in cases (3682.7 ± 357.9 pg/ml) is raised compared to controls (3047.1 ± 413.8 pg/ml) (p \ 0.05). It clearly depicts that raised serum PAI-1 level in cases may lead to procoagulant status and in future they may develop any of thrombotic complications. Several studies done by Sonakul et al. [6] , Sumiyoshi et al. [7] , Grisaru et al. [8] , Luyt et al. [9] , Grant et al. [10] , Koren et al. [11] , Du et al. [12] , Chotivittayatarakorn et al. [13] shows that thalassemic patients receiving multiple blood transfusion are more prone for thromboembolic events.
Thalassemic patients are also prone for cardiac disease due to iron overload and also due to polymorphism in PAI-1 gene. PAI-1 is a significant, independent risk factor for coronary artery disease and ischemic stroke. The 4G allele of a recently described common 4/5 guanine tract (4G/5G) polymorphism in the PAI-1 gene promoter region is associated with higher plasma PAI-1 activity [14] . In vitro experiments have shown that both allele of the 4G/5G polymorphism contain a binding site for a transcription activator, and that 5G allele also contains a binding site for a transcription repressor that partially overlaps with the activator binding site [15] . Therefore, 4G allele of the PAI-1 gene is associated with increased basal gene transcription. The 4G/4G genotype of the PAI-1 has been shown to be associated with ischemic heart disease and myocardial infarction [16] .
Study done by Patricia Jane Giardina et al. [17] mentioned that brain MRI studes needs to be performed to address the prevalence, pathogenesis, risk factors, neurological and cognitive outcomes of brain infarcts in at risk adolescent and adult thalassemia subjects for the prevention and development of therapeutic strategies.
Conclusion
To conclude, thalassemic patients receiving multiple blood transfusions definitely suffer from increased tendency for procoagulant status. Increased tendency for procoagulant status in these patients may be responsible for thrombotic events in future. 
